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Abstract 
In this work, we present a novel fabrication process to create lateral porous silicon membranes. The advantage of this 
process is to enable the monolithic integration of porous silicon directly into planar microchannels, thus greatly 
simplifying the integration of membranes into fluidic devices and opening doors to the use of porous silicon into 
planar lab-on-a-chip devices for filtering purposes. The presented fabrication technique relies on the patterning of 
local electrodes within microchannels to carry out silicon anodization parallel to the surface of the silicon substrate. 
The feasibility of our approach is demonstrated by creating 10µm long mesoporous membranes within 3µm deep 
microchannels. Our experimental results are supported by current flow studies using finite element analysis. 
 
© 2012 Published by Elsevier Ltd. 
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1. Motivations 
Lab-on-a-chip devices integrate functions used in medical laboratories into a miniaturized chip, thus 
offering tremendous promises for applications like point-of-care testing [1]. Among these functions, 
sample preparation consists in filtering the sample to remove unwanted components, e.g. cells from blood. 
To this aims, the use of membranes with tunable pore sizes is of great interest. However, the integration of 
such membranes with microfluidics is not straightforward and is usually done by laminating 
micromachined substrates separated by a porous layer. These hybrid processes raise bonding issues and 
are not suitable to complex designs. Whenever possible, it is thus preferable to work with planar fluidic 
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systems. Still, integration of porous membranes is so far only done by manually assembling polymer 
pieces into microchannels, which is not a large-scale and highly reproducible method [2]. 
Here, we present a fabrication process leading to the creation of lateral porous membranes compatible 
with silicon-based microfluidics (Figure 1). Our process relies on the local anodization of silicon, 
resulting in porous silicon membranes within planar channels. In addition to the obvious filtering 
capability of these membranes [3], the use of porous silicon as a membrane material offers the advantage, 
if properly biofunctionalized, to serve as a biosensing layer [4]. 
 
 
Fig. 1. Schematics showing the differences between (a) 
transverse and (b) lateral porous membranes. (c) 3D 
Schematics of a fluidic microchannel incorporating a lateral 
porous silicon membrane. 
 
 
Fig. 2. Fabrication process of lateral porous silicon 
membranes. (1) RIE of the silicon substrate to create 
microchannels. (2) Conformal deposition of a metal layer 
for the working electrode. (3) Patterning of a protective 
Si3N4 layer. (4) Silicon anodization. 
2. Results and Discussions 
2.1. Fabrication 
Lateral porous silicon membranes were fabricated in 100mm highly doped p-type silicon wafers. The 
fabrication process (Figure 2) started by depositing a 80nm LPCVD Si3N4 layer and by etching 3µm thick 
channels in the silicon by deep reactive ion etching. Anodes were locally created by evaporation and lift-
off of a 50nm/150nm Cr/Au layer in a conformal way to ensure the presence of metal on the sides of the 
channel parts to permeate. The metal was protected with a 1µm PECVD Si3N4 layer, which was opened 
around the areas where pore formation was to be initiated. Finally, porosification of the membranes was 
carried out by anodic dissolution of silicon in a 1:1 mixture of 48% aqueous HF and ethanol at a current 
density of 50mA/cm2 and at room temperature during 5 mins. The electric current was injected to the 
patterned electrodes (used as the anode) on the front side of the wafer, while the cathode consisted of a 
platinum disk immersed in the solution and facing the wafer. 
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Pore formation by anodization of silicon occurs following the current density lines (i.e. where holes are 
injected) and propagates preferentially in the <100> direction [5]. In the present configuration, the current 
flows parallel to the wafer surface, and the use of (100) silicon wafer offers <100> crystallographic 
directions for pore propagation in the bulk silicon. Thus, silicon anodization onto the etched walls using 
local electrodes results in the creation of lateral porous membranes within the microchannels. Figure 3 
displays SEM images of a fabricated lateral porous membrane holding mesopores with diameters in the 
range of 10-30nm. 
 
 
Fig. 3. SEM pictures of a fabricated lateral porous silicon membrane in p-type doped silicon bridging two fluidic microchannels. 
The membrane is 3µm thick and 10µm long. The mesopores display diameters in the range of 10 to 30nm. 
2.2. Finite Element Simulations 
In order to investigate the direction of the current flowing within the membrane etched in the silicon 
wafer, we performed finite element analysis (FEA) using COMSOL Multiphysics. The Electric Currents 
(ec) physics interface was used to model the electrochemical cell using electrical conductivity and relative 
permittivity values found in the literature [6]. Figures 4 and 5 present simulation results, displaying the 
current flow and density within the bulk silicon in the case of classically fabricated vertical pores and in 
the case of pore formation within the membrane (when injecting 1mA at the bottom of the silicon 
substrate and within the electrode, respectively). As expected, while the current flows vertically in the 
former case, leading to the vertical pores shown in the Figures 4.c and 4.d, the use of local electrodes 
patterned on the membrane wall forces the current to flow through the silicon membrane and results in 
horizontal pores shown in Figures 5.c and 5.d, thus confirming the fabrication results. 
3. Conclusions 
We have presented a fabrication process leading to the formation of lateral porous silicon membranes 
integrated into planar microchannels. This process relies on the use of electrodes patterned locally to 
inject current and carry out silicon anodization in parallel to the wafer surface. The feasibility of our 
approach was proved by fabricating 10µm long mesoporous membranes within 3µm deep microchannels. 
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Fig. 4. FEA model and results for the fabrication of vertical pores. (a) Simulated current flow (arrows) and current density (colour 
scale). (b) Zoom of the region of pore formation at the silicon/electrolyte interface. (c) Cross-sectional SEM image of the fabricated 
vertical porous layer. (d) SEM image showing the vertical pores. (e) SEM image of the pores at the surface of the sample. 
 
 
Fig. 5. FEA model and results for the fabrication of horizontal pores. (a) Simulated current flow (arrows) and current density (colour 
scale). (b) Zoom of the membrane fabricated within the microchannel. (c) Cross-sectional SEM image of the fabricated porous 
membrane. (d) SEM image showing the horizontal pores. 
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